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Abstract
Pulsed current provides a rest-time for battery cells to fully complete internal chemical reactions that can
suppress the increase of resistance to extend the battery lifetime. This paper proposes a new method to
implement pulsed current using synchronized/unsynchronized Phase-Shift Modulation during both charging
and discharging processes in a smart battery management system. Faulty cells can be permanently
bypassed without any impact on the architecture of the Smart Battery. Simulation and experimental results
verify the feasibility of the proposed method.
1 Introduction
Constant-Current Constant-Voltage (CC-CV)
strategy is the normal charging method for lithium-
ion batteries due to the simple implementation. To
improve batteries’ performances and health, the
pulsed current charging method was proposed [1].
Pulsed current provides a rest-time for batteries
to fully complete the internal chemical reactions,
which can suppress the increase of resistance,
thereby extending battery lifetime [2]. Pulsed
current can increase 100 life cycles at 23 °C, 12
kHz, and 50% duty cycle when compared with
CC-CV charging method [3]. In [4], the authors
tested the battery using pulsed current at 0.05 Hz,
50% duty cycle, 1 C-rate charging, and 1.25 C-rate
discharging, which illustrated that the lifetime of
the battery can be extended about 20% when
compared with CC-CV charging strategy. In [5], the
capacity of the Lithium-Sulfur battery is recovered
more than 20% when compared to that obtained
during CC discharge.
For the implemental method of the pulsed current,
the breaking switch is one of the possible methods.
In [6], two back to back PMOS power transistors
are applied as the main switches to implement the
control of pulsed current. For the large battery
pack, such as electric vehicles, the bidirectional
dc/dc converter is used to implement the pulsed
current [7]. But both of the methods mentioned
above can only be used in charging periods due to
discontinuous current through the dc-link.
Battery management systems (BMSs) play a critical
role in ensuring the safe and reliable operation of
Lithium-ion batteries. Smart battery is a potential
trend for BMSs technology due to its high flexibility,
scalability, and fault tolerance [8]. In a smart battery,
each battery cell has a local controller, which
can measure the voltage and current, supervise
the temperature, and estimate the states of the
local cell. Furthermore, the local controller can
communicate with the master controller, which
can take decisions at the system level, such as
balancing operation.
In this paper, the author proposes a new method
to implement the pulsed current using Phase-Shift
Modulation (PSM) in the proposed Wireless Smart
Battery Management System (WSBMS). Firstly, the
architecture and the operation modes of the bypass
device in the smart battery are introduced. Then,
the working principle of the PSM is provided. In
order to verify the proposed method, the simulation
and experiment results are presented. Conclusions
are drawn in the last part of the paper.
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Fig. 1: Architecture of the proposed WSBMS.
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Fig. 2: Operation modes of the bypass device: (a) insert
mode and (b) bypass mode.
2 Wireless Smart Battery
Management System
2.1 Architecture of the WSBMS
The smart battery can be seen as a cell-level
BMS where each of the battery cells have an
independent manager. WSBMS is the smart battery
based on wireless communication, as shown in
Fig. 1. Wireless communication applied in the
system can reduce wiring clutter and decrease the
weight and size of the entire battery system. Each
smart cell has its controller that integrates voltage
and current sensors, temperature monitor, cloud
communication (ToT) gateway, and the bypass
device. The smart cell can estimate the state-of-
charge (SOC) and the state-of-health (SOH) as
well as predict remaining useful lifetime (RUL) of
the local cell. The master controller is needed
in WSBMS to make the decision at the system
level. In the proposed WSBMS, each slave can
exchange the information and work together with
the master via wireless communication. There is
no requirement of communication between any two
smart cells due to the master-slave mode.
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Fig. 3: Synchronized PSM for three smart cells: (a)
carrier waves and the reference wave, (b) drive
signals for each cell, (c) the total drive signals
for the battery pack when all cells are inserted,
and (d) the total drive signals for the battery pack
when one cell is bypassed permanently.
2.2 Bypass Device
Each battery cell is connected to the battery pack
via a bypass device. The bypass device is a half-
bridge circuit, which can bypass and insert the
corresponding cell during both the charging and
discharging processes. Four operation modes are
presented in Fig. 2.
3 Phase-shift Modulation in Smart
Battery
Each battery cell is connected to the battery
pack via the bypass device, and also has a local
manager to control the cell’s operation state. Due to
this distributed management, the local controller
can generate the pulse signals to the bypass
device, thus the cell can be charged/discharged
by the pulsed current. In the following part, the
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Fig. 4: One condition of unsynchronized PSM for three
smart cells: (a) carrier waves and the reference
wave, (b) drive signals for each cell, (c) the
total drive signals for the battery pack when all
cells are inserted, and (d) the total drive signals
for the battery pack when one cell is bypassed
permanently.
synchronized PSM and unsynchronized PSM for
three battery cells are analyzed.
3.1 Synchronized PSM
For the synchronized PSM, the phase shift of each
battery cell is T/N, where N is the number of battery
cells and T is the carrier period. The phase-shift
control method and the corresponding drive signals
for three battery cells are shown in Figs. 3 (a) and
(b), respectively. Fig. 3 (c) shows the total inserted
signals of the entire battery pack when all cells are
connected to the battery pack. If one cell is broken,
this cell will be bypassed permanently without any
changes in the architecture of the smart battery.
Fig. 3 (d) shows that the total inserted signals of
the entire battery pack when one cell is bypassed
for a long period.
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Fig. 5: Simulation results of synchronized PSM.
3.2 Unsynchronized PSM
For the unsynchronized PSM, the carrier wave of
each battery cell can generate at any time. Fig. 4
shows one condition of the unsynchronized PSM for
three battery cells. The phase-shift control method
and the corresponding drive signals for three battery
cells are shown in Figs. 4 (a) and (b). Figs. 4 (c)
and (d) present the condition of all cells inserted and
one cell bypassed for a long period, respectively.
4 Simulation and Experimental
Results
Simulation and experimental results are provided
in this section. For the simulation and experiment,
the frequency of the carrier wave is 1 kHz, and
the reference is 0.5. Thus, the pulsed current
is operated at 1 kHz and 50% duty cycle. The
simulation verified that the pulsed current can be
realized by synchronized PSM. The experiment
results verified that the pulsed current can be
implemented using unsynchronized PSM in the
proposed WSBMS. All the verification cases are
performed during the discharging process. For the
charging process, similar results can be obtained.
4.1 Simulation Results
The simulation results with five battery cells are
provided for theoretical verification in PLECS, as
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Fig. 6: Simulation results of synchronized PSM for five
battery cells when all cells are inserted into the
battery pack.
shown in Figs. 5-7. In Fig. 5, the load current
maintains a continuous operating state, while the
current through each battery cell is pulsed, where
Vcell is the voltage of one battery cell, and VAB, is
the voltage of one cell module. Fig. 6 and Fig. 7
presents the simulation results when considering
the condition of all cells that are connected to the
battery pack and the condition of one cell bypassed
for a long time. The voltage of the battery pack is
not constant. However, this will not be an issue
in a battery pack with large numbers of battery
cells connected in series, because one permanently
bypassed cell can only bring a slight voltage drop.
4.2 Experimental Results
An experimental prototype of the WSBMS is
built in laboratory, as shown in Fig. 8. The
slave is implemented on a TI Simplelink™ Wi-Fi®
CC3220MOD controller, which provides wireless
functionality at reasonable costs and has low energy
consumption. The master controller is implemented
on a Krtkl Snickerdoodle board driven by Zynq®
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Fig. 7: Simulation results of synchronized PSM for
five battery cells when one cell is bypassed
permanently.
processor 7020 and the wireless functionality is
enabled with a certified WiLinkTM 8 module from TI
- WL18DBMOD. There is no need for extra hardware
to generate pulsed current, while the microcontroller
of each slave has counters that can be used to
implement phase shift modulation. The battery
is replaced by battery cell simulators, and three
channels of the cell simulators are used in the
system to verify the proposed method.
In this paper, the current flowing out of the battery
cell is defined as a positive direction. The battery
cell is discharged by a 1-A load current. The
current through each cell is pulsed, as shown
in Fig. 9 (b). When the cell is inserted into
the battery pack, the voltage of one cell module
is the same as the voltage of the battery cell.
When the battery cell is bypassed, the voltage
of the cell module is zero. Fig. 10 shows the
drive signals for three smart cells when all cells
are connected to the battery pack and operated
with the pulsed current. If one cell is bypassed
permanently or during a long time, there are only
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Fig. 8: Experiment setup of WSBMS.
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Fig. 9: Experimental results of unsynchronized PSM: (a)
load current, (b) the current of one battery cell,
(c) the voltage of one battery cell, and (d) the
voltage of one cell module.
two battery cells discharging by pulsed current,
as shown in Fig. 11. This paper only provides
one operating condition with unsynchronized PSM.
Actually, during the entire discharging process, the
working phases of the three cells are dynamically
changed due to the out of synchronized of wireless
communication. Therefore, the synchronized PSM
to generate pulsed current can also be implemented
in WSBMS. According to the experiment results,
the voltage of the battery pack is zero in some
time interval, because the paper only focuses on
the pulsed-current implementation, thus only three
smart cells are introduced to verify the proposed
method. If there are more smart cells connected in
series in the battery pack, this will not be a problem,
which has been mentioned in section 4.1.
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Fig. 10: Drive signals when all cells are inserted into
the battery pack: (a)-(c) are drive signals for
corresponding cells, and (d) is the drive signal
for the entire battery pack.
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Fig. 11: Drive signals when one cell is bypassed
permanently: (a)-(c) are drive signals for
corresponding cells, and (d) is the drive signal
for the entire battery pack.
5 Conclusion
This paper proposes a pulse-current
implementation using PSM in a smart battery.
Every battery cell has an independent controller,
which can generate the pulse drive signals to
control the bypass circuit. Due to the benefit of
the Smart Battery’s architecture, each battery
cell can be operated in pulsed current during
charging and discharging processes. Due to no
direct connection between two cells, the current
through the entire battery pack is continuous. The
simulation and experimental results verify that
the proposed method can be implemented in the
proposed WSBMS.
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